Background: With advances in hepatocellular carcinoma (HCC) screening and treatment, the incidence of diagnosing a case of extrahepatic primary malignancy (EHPM) in patients with HCC has increased. This study aimed to elucidate the prevalence and clinical outcomes of EHPM in patients with HCC who underwent curative resection in Korea.
Background
Hepatocellular carcinoma (HCC) is the fifth common cancer globally and the third leading cause of cancer mortality [1] . Previously, extrahepatic primary malignancy (EHPM) was rarely reported in patients with HCC because of the poor prognosis of HCC. However, with advances in early screening and therapeutic options for HCC, EHPM is increasingly being diagnosed in the clinic during the initial diagnosis of HCC or after curative treatment. Recent studies revealed that the incidence of EHPM in patients with HCC has increased in many countries in recent decades [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , and therefore, proper screening and treatment strategies for EHPM in patients with HCC represent an issue worthy of increased attention.
Warren and Gates defined the criteria for multiple primary malignant neoplasia as follows: 1) each tumor must definitively exhibit malignancy; 2) each tumor must be distinct; and 3) the probability of a tumor being a secondary metastatic lesion of the other tumor must be reasonably excluded [13] . Therefore, EHPM tumors must arise outside the liver, they must be clearly identifiable at the site of origin, and they must be correctly diagnosed histologically. Two previous studies including subjects diagnosed between 1980 and the mid-1990s in North America and Japan reported the prevalence (5.5-8.9%) of EHPM in patients with HCC and diverse clinical features [7, 12] . Interestingly, the overall survival of patients with HCC was not altered by the presence of EHPM in either study, and death was more commonly related to HCC rather than EHPM, suggesting the extremely poor prognosis of HCC negated the prognosis of EHPM in most patients.
The epidemiology and etiology of HCC differ among countries, and the prognosis of HCC is improving. Moreover, a few studies of EHPM in patients with HCC in the Asia-Pacific regions excluding Japan and Taiwan have been reported [2, 4, 7, 8, 10, 11, [14] [15] [16] . This study aimed to elucidate the prevalence, clinical characteristics, and outcomes of EHPM in patients with surgically resected HCC in Korea, where the major cause of HCC is hepatitis B virus (HBV) infection [17] .
Methods

Patients
In total, 270 patients with pathologically proven HCC underwent surgical resection in Seoul National University Bundang Hospital between May 2003 and December 2011. Among them, 20 patients were excluded; 10 patients underwent liver transplantation, 2 patients underwent palliative surgery, and 8 patients displayed combined HCC and cholangiocarcinoma. Therefore, the final study population included 250 patients who underwent curative surgical resection for HCC.
Methods
The clinical characteristics of the patients, presence of EHPM, overall survival, and cause of death were retrospectively analyzed. Patient demographics, HCC etiology, and biochemical laboratory data were retrieved from electronic medical records. The etiology of HCC was classified as HBV or hepatitis C virus (HCV) on the basis of the serological presence of hepatitis B surface antigen or anti-HCV antibody, respectively, or alcohol on the basis of a history of alcohol intake of more than 80 g/day for men and 40 g/day for women for more than 10 years [18] . Survival and mortality, including the cause of death, were confirmed by an examination of the final medical records or via telephone calls to the participants or their family members. Overall survival was defined as the interval between the date of HCC surgery and the date of death or the last follow-up. The mean follow-up duration was 46.8 months (range 0-119 months). This study was approved by the institutional review board of Seoul National University Hospital.
We diagnosed EHPM according to the criteria given by Warren and Gates [13] . The EHPM group was further subdivided to prior, synchronous, and metachronous groups by using a 6-month interval between the diagnoses of the primary and secondary cancers [7, 12] . Prior EHPM was defined as EHPM diagnosed more than 6 months prior to the diagnosis of HCC, synchronous EHPM was defined as EHPM diagnosed within 6 months before or after the diagnosis of HCC, and metachronous EHPM was defined as EHPM diagnosed more than 6 months after the diagnosis of HCC. Prior EHPM was identified by evaluating the patients' medical records or history, and synchronous and metachronous EHPM were detected by preoperative or postoperative screening of radiological images and histological confirmation.
Statistical analysis
Descriptive data were presented as the mean ± standard deviation or number (percentage). The chi-squared test and Student t-test were applied to analyze parametric data, and the Fisher exact test and Mann-Whitney U test were used for nonparametric data. The Kaplan-Meier method and Cox regression analysis were applied for survival analyses. All statistical results were analyzed by using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).
Results
Prevalence and clinical characteristics of EHPM in patients with HCC
In total, 33 of 250 patients (13.2%) with surgically resected HCC presented with EHPM. Of these, 32 patients had a single EHPM, and the remaining patient had 2 EHPMs (stomach and colon cancers). We divided the subjects according to the presence (n = 33) and absence of EHPM (n = 217), and compared the clinical and pathologic features of the two groups. Compared to the non-EHPM group, the EHPM group was significantly older, and patients in this group had more comorbidity such as diabetes mellitus and hypertension, a lower proportion of HBV etiology, lower serum levels of alanine aminotransferase, total bilirubin, and aspartate aminotransferase (AST), and a lower AST to platelet ratio index. However, tumor size, the frequency of vascular invasion, and the pathologic TNM stage of HCC were not significantly different between the 2 groups ( Table 1) .
The most common site of EHPM in patients with HCC was the colorectal (30.3%), followed by the stomach (27.3%), breasts (12.1%), and kidneys (9.1%). Prior, synchronous, and metachronous EHPM were found in 7, 17, and 9 patients, respectively ( Figure 1 ). The detailed tumor location, characteristics, pathologic TNM stage and applied treatment modality for EHPM are described in Tables 2  and 3 . Most patients with EHPM underwent curative surgery (84.8%) and one third of EHPM group (33.4%) showed advanced tumor stage (≥TNM stage 3). All patients in the prior EHPM group underwent curative resection and did not display any recurrence of the malignancy. Although not statistically significant, mortality was highest in the synchronous EHPM group in which extrahepatic causes of death were more frequently observed.
Clinical outcomes of patients with HCC and EHPM
In total, 65 patients (26%) died during the mean followup period of 46.8 months. The median overall survival was 27 months in the EHPM group versus 46 months in the non-EHPM group (p = 0.178). The cumulative probabilities of overall survival at 1 year, 3 years, and 5 years in the EHPM group were 45.5%, 9.1%, and 0%, respectively, compared to 79.6%, 37.0%, and 11.1%, respectively, in the non-EHPM group (Figure 2 ). To confirm the role of EHPM in overall survival, univariate and multivariate analyses of mortality were performed. The presence of EHPM was an independent factor for mortality in multivariate analysis in addition to microvessel invasion and alpha-fetoprotein levels exceeding 20 ng/mL ( Table 4 ). The recurrence rate of HCC was significantly higher in the non-EHPM group. The cause of death was distinct between the 2 groups. Almost all patients in the non-EHPM group died of liver-related problems, whereas approximately half (5 of 11) patients in the EHPM group died of non-liver-related causes, including EHPM progression (n = 2, 18%), brain hemorrhage (n = 1, 9%), sepsis (n = 1, 9%), and sudden cardiac arrest (n = 1, 9%).
Discussion
In this study, we demonstrated that the prevalence of EHPM in patients who underwent curative resection for HCC in Korea was 13.2%, which was higher than that reported previously. The most common locations of EHPM were the colorectal, stomach, breasts, and kidneys. The overall survival of the EHPM group was significantly worse than that of the non-EHPM group, and the cause of death was non-liver-related in approximately half of the patients in the EHPM group. Moreover, EHPM was an independent factor for overall survival in multivariate analysis.
Our study applied the criteria of Warren and Gates to identify EHPM [13] . By using the same criteria, a North American retrospective study found that 74 of 1349 (5.5%) patients with HCC also presented with EHPM between 1980 and 1993. The patients with EHPM tended to be older and of the male sex, and the most common EHPMs were prostate cancer (n = 16) and colorectal cancer (n = 15). However, no significant difference in mean survival according to the presence of EHPM was noted [12] . A study in Japan also used the same criteria and identified 41 EHPMs in 463 (8.9%) patients with surgically resected HCC between 1979 and 1994. No significant differences in clinical variables and survival were noted between the EHPM and non-EHPM groups. In this study, the most common EHPMs were gastric (n = 18) and colorectal (n = 9) cancers [7] . On the other hand, the International Agency for Research on Cancer (IARC) criteria for a second primary neoplasm are as follows: 1) the existence of two or more primary cancers does not depend on time; 2) a primary cancer is a cancer that originates in a primary site or tissue and is not an extension, recurrence, or metastasis of another cancer; 3) only one tumor shall be recognized as arising in an organ or a pair of organs or tissues, which does not apply if the The most common site of extrahepatic primary malignancy (EHPM) in patients with HCC was the colorectal (30.3%), followed by the stomach (27.3%), breasts (12.1%), and kidneys (9.1%). (B) Prior, synchronous, and metachronous EHPM were found in 7, 17, and 9 patients, respectively. Prior EHPM was defined as EHPM diagnosed more than 6 months prior to the diagnosis of HCC, synchronous EHPM was defined as EHPM diagnosed within 6 months before or after the diagnosis of HCC, and metachronous EHPM was defined as EHPM diagnosed more than 6 months after the diagnosis of HCC. tumors in an organ are of different histologies; and 4) the second neoplasm must have a different histological type than the primary lesion in the pathological diagnosis [19] . These rules have been adapted in studies with large registry data, including a retrospective cohort study in China and a nationwide cohort study in Taiwan, which may include non-histologically proven tumors [2, 3] . According to either the IARC or Warren and Gates criteria, the prevalence of EHPM in patients with HCC was 1.6-25.7% in previous studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [14] [15] [16] [20] [21] [22] [23] . In our study, the prevalence of EHPM was 13.2%, which was noticeably higher than those reported in other Asian countries, in which the prevalence is typically less than 10% [2] [3] [4] 7, 8, 10, 11, [14] [15] [16] . Although the reason for this higher prevalence is unclear, as many of the previous studies were performed 20 years earlier than our study, this difference could be related to the increasing number of cancer survivors as a result of advances in early detection and various treatment options for cancer. Concerning the most common locations of EHPM in patients with HCC, colorectal cancer was the most prevalent EHPM in this study, followed by gastric and breast cancers [2] . In a study conducted in Spain, colorectal cancer was the most prevalent EHPM in patients with HCC followed by head and neck cancer and genitourinary cancer, in line with the distribution of cancer in the general population of Spain [5] . A report from South China unexpectedly identified nasopharyngeal cancer as the most prevalent EHPM in patients with HCC, although the incidence of nasopharyngeal cancer was high in the region, emphasizing the need for head and neck cancer screening among HCC survivors [3] . On the contrary, Di Stasi et al. reported 10 immunoproliferative cancers of B-cell origin among 35 EHPMs [21] . It is commonly suggested that the location of EHPM is similar to that of the general population; in particular, the Asian population has a high prevalence of gastric adenocarcinoma, whereas genitourinary and colorectal cancers are most prevalent EHPMs in Western countries [2, 5, 12] . Our data revealed colorectal cancer (30.3%) as the most popular EHPM in patients with surgically resected HCC followed by stomach and breast cancers (21.2% and 12.1%, respectively), suggesting that the location of EHPM in HCC also follows the typical distribution of cancers in the general population [24] . Therefore, gastric and colon cancer screening should be considered for patients with newly diagnosed HCC.
In our study, the EHPM group was older, and these patients presented with more accompanying comorbidities, various etiologies of liver disease, preserved liver function, and lower recurrences of HCC but higher mortality rates compared to the non-EHPM group. Some studies reported a higher mean age for the EHPM group [4, 10, 12] , but this finding was not consistent [5, 11] . Recent reviews emphasized age as a risk factor for the development of multiple primary malignant neoplasms [25, 26] . Accompanying chronic diseases such as diabetes mellitus [7] or chronic kidney disease [2] have been reported in other studies, and in this study, diabetes mellitus and hypertension were more common in the EHPM group. Moreover, Andrykowski reported poorer mental health status as well as an increased number of lifetime comorbidities in patients with multiple primary cancers compared to patients with a single cancer or no cancer [27] . Therefore, integrated care including the treatment of mental health problems and comorbidities is required for patients with HCC and EHPM.
Although HBV was the predominant etiology in the non-EHPM group (63.6%), the etiology differed greatly in the EHPM group, which had a greater proportion of cancers related to alcohol (18.8%) or of unknown etiology (24.2%) and fewer cancers associated with HBV (33.3%). This difference may be related to the older age of patients in the EHPM group. This finding is comparable with those of other studies [8] , but inconsistent reports also exist [5, 7] . Some studies reported a higher prevalence of liver cirrhosis in the EHPM group [8, 12] , although this finding is controversial [4, 8, 10] . One of the most peculiar findings of this study was the significantly poorer survival of the EHPM group compared to that of the non-EHPM group. To our knowledge, no previous study reported poorer survival for patients with EHPM because the prognosis of HCC is generally worse than that of EHPM [3, [5] [6] [7] 12] . Some previous studies reported even higher overall survival for the EHPM group [5, 6] . In our study, both the cumulative probability of survival and the result of multivariate analysis concomitantly support the poor survival of the EHPM group. We cannot figure out the exact cause of the poor outcome of EHPM group. However, several 
Figure 2
Comparison of the overall survival between the HCC groups with and without EHPM. Using Kaplan Meier analysis, the cumulative probabilities of overall survival at 1 year, 3 years, and 5 years in the EHPM group were 45.5%, 9.1%, and 0%, respectively, compared to 79.6%, 37.0%, and 11.1%, respectively, in the non-EHPM group. EHPM group showed poorer survival compared to non-EHPM group. characteristics could be found in the eleven expired patients of EHPM group. First, all of these eleven patients lived no longer than two years. Second, their causes of death were much more related with EHPM progression or other reasons such as peritoneal seeding of stomach cancer, progression of multiple myeloma, sepsis after operation, sudden cardiac arrest or brain hemorrhage rather than liver related causes. Third, higher proportion of advanced stages (stage 3 or 4) of EHPM existed in these eleven patients. From these points, we can suppose that EHPM could have hazardous effect on survival of HCC patients and advanced stage of EHPM should be alarmed in survival of HCC patients. Therefore, we can suggest that surveillance for EHPM in HCC patients should be reinforced and early detection and treatment of EHPM possibly benefit the survival of HCC patients. The limitations of this study were its retrospective design and relatively small number of enrolled patients, in addition to the inclusion of only patients with surgically resected HCC. We could not recruit the details of the screening pattern of EHPM of each patient. However, this study is the first report of the clinical and pathological features and outcomes of patients with HCC and EHPM in Korea, where HBV is the most common cause of liver disease, in addition to the country's rapid socioeconomic development and improvements in the diagnosis and treatment of HCC.
Conclusions
In conclusion, the prevalence of EHPM in patients with HCC who underwent curative resection for HCC in Korea was 13.2%, which was higher compared to previous reports. The overall survival of patients with HCC and EHPM was significantly worse than that of patients with HCC without EHPM. Therefore, considering the high prevalence of EHPM and its adverse effect on overall survival, proper screening strategy for early detection and treatment of EHPM should be emphasized in patients with HCC.
